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FINAL REPORT
"AWALYSIS OF DATA FROM THE LOCKHEED EXPERIMENT ON ATS-5"
Contract NASw 2656

This is a fipal report of a program for the analysis of the data from

the Tockheed Experiment on ATS-5. The principal results of this study

are contained in three publications which are in various stages of

pablication.

1. "A Relationship between Synchronous-Altitude Electron Fluxes and

the Autoral Eiectrojet," by R. D. Sharp, E. G. Shelley, and G.

Rostoker, published in the Journal of Geophvsical Research, Vol.

80, p. 2319, 1975.

2, "Coordimated ATS-5 Electron Flux and Simultaneous Auroral Observ-
o ations," by 8. B. Mende and E. G. Shelley, submitted %o the Jour-
A nal of Geophysical Research, 1975.

3. MAPS-5 Observations of Plasma Sheet Particles befere the Expansion-

T

Phase Onset,” by K. Fujii, A. Nishida, R, D. Sharp, and E. G.
Shelley, submitted to Planetary and Space Sciences, 1975.

In a2ddition, two invikted papers were presented at the Topical Conference

on Electrodynamics of Substorms and Magnetic Storms, Bryce Mountain, Vir

ginia, June L1-14, 197L.

1. "A Comprehensive Study of Substorm Sequences on Sephember 8, 1969,"
by G. Rostoker, S.-I. Akasofu, H. Fukunishi, E. W. Hones, Jr., L. J.

Lanzerotti, C. G. Maclennan, R. L. McPherron, R. D. Sharp, and B. G.

Wiens.
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2. Simulbaneous Observations of Synchronous-Altitude Particle Fluxes
and the Auroral Electrojet," by R. D. Sharp, E. G. Shelley, and
G. Rostoker.

The abstracts of these invited papers were published in EOS, Vol. 55,
pages 988 and 1013, 1974, Copies of the three publications and the

abstracts of the two invited papers are included in the Appendices,

In addition to the published results described above, we have also pro-
vided data to several investigators with whom we are cooperating on the
study of various other events. These include Dr. E; W. Hones of Tos
Alamos Scientific Laboratory, Prof. R. H. Bather of Boston College, Dr.
8. B. Mende of Lockheed Palo Alto Research Laboratory, and Mr. T. lughes
of the Univefsity of Alberta. Mr. Hughes is utilizing the results of

our cooperative study for his Ph.D. thesis under Professor Gordon Restoker
and selected results from this work are also expected to be submitted for
. publication.

KD Sharg

R. D. Sharp, Principal Tavestigabor
Lockheed Palo Alto Research Lahoratory
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BRIEF REPORT

A RELATIONSHIP RETWEEN SYNCHRONOUS-ALFITUDE
ELECTRON FLUXES AND THE AURORAL ELECTROJET

B
R, D. Sharp and E. G. Shelley
Iockheed Paln Altc Research Laboratory
Palo Alte, Callfornla glk30k
And
@. Rostoker

The University of Alberta
Bdmonton T, Alberta; Canada

ABSTRACT

Simulbaneous observations during four substorms are reporbed from the

Ieckheed anroral paftiele spectrometer oﬁ ATS~5 and the University of Alberta
| méridiennmagnetomeﬁef'chein. Durlng the ;our events studied, there was. a
' good correlation between the magnitude of the trapped electron iluxes in tHe

energy range from.178 to 53 keV and the magnitude of the electrojet'current,"

as measured by a statlon in the magnetometer chain at a latitude close to

that expected for the ATS conaugate polnt A.model electreget is’ construCued Co

based on the work of Coronltl and KEnnel [1972] Wthh glVES a good absolute

agrnement betWeen the two measured quantltles. The: reSults are conelstent
_thh the convectlon eleetrlﬂ fleld remalnlng approx1mately’eenetant during
a Substantlal portlen of each of the Substorms studied. The tcmporal varla-d'

tlons of the electrodet were a@p&rently cemtrolled by conduct1v1ty changes

1n the lonosphere as determlned by the. preCLpltaﬁlng euroral electrens. _]:

s




INTRODUCTION

In the course of a cooperative study of the data.from the Lockheed

auroral,partlcle spectrometer on ATS-5 and the University of Albertz meridian

[

"magnetometer chaln in eentral Canada, an 1nterest1ng guantitative relablon— S

ship was discovered between the megnitude of the_auroral electrojet and the
- character'of the electron fluxes at ATS. This report will .focus on this
relationship. - We will show data from the midnight sector dﬁring-the expansivé

phases of four substerms. More complete descriptions of bthese gvenis have

been presented by Kisebeth and Rostoker [1971, 197k], Kisabeth [1972], and

Rostoker et al. [1974].

The Lockheed auroral particle experiment measures electrons and protons

in the rangFJfrom'about”l-SO'keV.' The specﬁfometer and the data analysis pro-.

cedures utilized to obtain the amblent plasma plopertles have been described

by Sharp et al. [1971, l970], Shelley et al [1971] and Mende et al. [1972]}

.The.sﬁeétrqmetef ié orientéd along the spin axis-of'the'spacecraft_ahd was '
sampling-trappéd particles.with equatorial pitch angles in the range from
about 20° to 50 durlng the events studled here. ..

 The foot of the fleld line- p;531ng ﬁhrough APS-5 maps into central

-Canada near Lynn Lake, Saskaxchewan Whlch.ls about 159 Pasf of ihﬁ magneto—

meter echain. The four events to be descrlbed are the onlv ﬁV‘PtS so far

an@Lyzed and were selected on the ba51s of substantlal eluc%roget Lulrouis nlth

a. cons1derable longltudlnal extent (based on the glound.magnetomennr dutd) in

order to mlnlmlze the uncer+a1nt1es arlslng from,thls longltudlnal staxatlon

_ Local mn.dn:l.gh'c at the satelllte is apprommately 0700 UT




A

e S

. ¥

. RESULIS

We first consider the substorm of 1 September 1970 'Kisobeth and Rostoker,
1974]. The time of onset of Lhe expan51ve phase of the substorm was debermined
to be 0654 from the ground-based data. The onset occurred at 64° invariont
1§titude which is eguatorward of the nominal location of the ATS3-5 field line
as determined_from average models of the geomagnétic field EFuirfield, 19683.
There were no significant effects observed in the particle datﬂ.at ATS ab tha

time of onset LRostoker et al., 19747. The initial increase was observed in

" all electron channels simultaneously at 0658. We infer from this lack of energy

dispersion that the flux increase was not due to a longitudinally drifting plasma
cloud intercepting the spacecraft but resulted from a radial motion'or a local
acceleration.

The principle effect observed in the ground daba during thie period bu-

‘fween the onset of the subshtorm and the observed fiux increase at ATS-5 was a

poleward propagation of the disturbance. The northern borger reached 66-1/20

invariant latitudé at the time of the flux increass and a plausivle interpréta—
tion of this is that a radially outward propagating disturbance had intercepted

the spacecraft at this time [Rostoker et al., 1974 1.

‘

This establishes the location. of the ATS field line at this‘point in the

substorm. We now examine the time dependence of the eiectrojet at this locabtion.
| The upper panel of Plg 1,shows the variatien in the hiorizoutal cumpunent of tho
geomagnetlc field at the closest station in the magnetometer cnaln {¥ort Chlyewvan,

1nvar1ant latltude = 66, 5 ) 'Wé see a generally increasing wpstwaré electroget

in the penlod after the onset of +the substorm, reachlng 1ts max Lo Value at

about 0705, The lower panels of Fig. 1 show the characteflsuacs of the electron




ki
fluxes at ATS in the ranée from 1.8 to 53 keV during this period. The.oﬁni—
directional energy fiuk under the assumption of isobtropy and the average
electron energy (flﬁx weigh%ed average) are illust#ated. e sees that the
flux is generally increasing in intensity and hardness and reaches‘a plateaﬁ
in buth these parameters at about the same time és the platean in the electrojet
- current is achieved. Th;s suggests the possibility of a quantitative relaﬁion-
ship setween these parameters. A detailed model is required in order to test
this hypothesis.
The model electrojet we have ubilized is based on the work of Coroniti
' énd.Kennel {1972). 1%t assumes & primary, quasi-constant westward‘electric
field (the convection Field) which drives a-northwafd Hall current in the ‘ _ : |
'iondsphefe. This.Hail current closes with field alligned currents which ﬁre

interrupted when they exceed the threshold for electrostatic wave instabilities.

The lower ionosphere then polarizes creating a southwerd electric fiesld whose

.u..“
AR

Pederson cu;rent balances the northward Hail current; This is the southward
. field Whiéh is the commonly observed feature of the breakup phase of the sub-
.sﬁorm, It derives from, and is proﬁortibnal to, the primary couvection field.
The lafge Hall current driven by'ﬁhis southward field is the principal contri-
g'bﬁtof'to the-westwafd_electrojef. In the limit of very large field-aligned

resistivity, the electrojet current density Iy is given by

I =8 (%, + £.2/5.)

Yoy " m /%

and ZH are the height-inte-

where_Ey_is the westward convection field, and ZP

grated Pederson and Hall cgndﬁctivities;-respectively."In this limit; the

T A ML SR g o
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enhanced electrojet current is referred to as a Cowling current and the
quantity in brackets is known as the Cowling conductivity, EC. It can be

caleulated from the precipitating energetic electron spectrum which we can

estimate from the measured trapped electrons at ATS,
The corductivity at an altitude z,0(z), is proportionsl 4o the electron

density n{z). Under'equlibrium conditions

R S RS- I

n(2) = La(2)/ g5y 12

where'a(z) the recombination coefficient and q(z) = the 1onlzanlon rate
due to the primary energetic electrons. TFor n(z) we use the results of

Cladis et al. [1973] who calculated electzdn.density profiles for a series of

primary energetic electron spectrums of the form
- J(BE) = A B exp (—E/Eo)

where J(E)'ig the electron differentisl number fiux, E is the electron energy

and EO isfapmenergy'pafameter. This distribution has a pesk intensity at

eﬁérgy E, and. an averageléhergy'ﬁ equal to 2E-4 The Caléulatibns wére'perférMed

. with the Lockheed computer program AURORA which computes the EREYEY depcsxtlon

 0f the prlmary'beam as a functlon of altltude The theoretlcal basis for this

program has been described by Walt et al. [1968]. Lt solves the approprlate

"Fokker-Planck dlffu51on equatﬁon_numerlcally taklng 1nto 1ccount aumospherlc o ' ;i?kﬁ
scatterlng, electron energy'loss and the mlrrorlng effect of the geomagREulc

fleld. An 1sotroplc pltch angle dlstrlbutlon was assumed aﬂd expellmental values
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of afz) were utilized, These @(z) values are swamariszed in Watl et ar. [197h]

by the solid curve in their Figure 10. “The model atmesphere used was that of

Anderson and Francis [1966].
The Pederson and Hall conductivities o(z) = k(z)u(z} were ealeuluted by

Cladis et al. [1974] utilizing the method of Kennel and Rees [1972]. From

their results, and the electron density profiles. the heiphl-integrated Hall

and Pederson conductivities can be computed as a function of Eo

q(z, iy )1/2
= =f(?(;ro‘) k(Z) dz

Since the ivnization source term q(z.Eo) is proportional Lo the fotal
precipitated energy flux of the primary spectrum & = rfﬂ J(E 1, we can write
q(z,Eo} =-@4f(z,E0) and the quantity
1/2

CL/e [‘Ef (z,8 )/a( )1l/d k(z)dz

" is only a function of E e & /ﬁ*/e and’ E /§ 1/2 were evaluabed from this expres-

sion at several values of E and combined as indicated above tu yicld ¥ /@*/“
A plot of this gquantilty versus the averags energy of the primary elecbron spec-

trum, B, is given in Figure 2.

For the purposes of ﬁhls comparlson we have approximated @ and B by *he

neasured valueg at ATS in the energy range from 1.8 %o 53 keV. This effectively

assumés that strong pitch-angle diffusion results in an isdtopic pitcli-angle

_dlstrlbutlon throughout this perlod Trom the measurements, taken evely 5.1

seconds, we have computed the energy fiux and tne average ennrgy as described

in the Appendlx,of Mende et al. (19721, Then by interpolating in blgure 2, we

L)
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we - made the comparlson was usually w1th1n the full width.at half maximim of the

electroaet was not necessarlly centered on this station are less than a faetor

of 2. For this. 51mpllf1ed model 0o attempt has been madc to Dat in a tlme'

-8

obtained Ec. In order to further calculate the perturbaticn in the_horizontal
compoﬁent of the geomagnetie field to compare with the.ground-based maghetometer
obgervations we need to assume a model current system and & value for the convec- : ’

tion elechric field. We utilized the current system of Bonnevier et al. {19703

for a'conducting egarth beldw a depth of 100 km with the'arbiﬁrery-Parameters of
aVSD latifudinal.width, and a 20° longitudinal extent. We assumed this system .
was centered on the magnetometer station of interest. We further assumed a
constant westward electric field over the.period of the substorm and used the
strength of that field as a free paremeter to £it the mOdel'ealeulation to the
observed magnetometer data. |

The SZdegfee latitudinal width is reasOnably representdtive of the cases

studled Also, during these four events the magnetometer statLon vlth whlch

experzmentally determlned latltudlnal proflle of AH, in Whth case for a

latltudlnally nlform electroget the correctlons for the facL that the actual

dependence for the electroaet w1dth, nor & latltude dependence to the current
.denelty. | o S ) o o - o \

The assumptlon that the prec1p1tat1ng electron flux can be approximated _ _‘ i
by the measured trapped flux at ATS involves two faetors ”he first is 1sourop&. | :
of the eqpatorlal pltch angle dlstrlbutlom 1nc1ud1nw the loss cone. | This is"‘

probably a reasonably good approx1mat10n especlally durlng Lhe ewpanulve phase

- of "the subetorm. .Although_there are nptable.exceptlons, the:maaorlty of

low altitude rocket and satellite measurements report approximate isotropy

. for the pitch angle distributien of aworal electrons during the more intense

omeINAL PAGE IS
oF POOR QUAL
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prepipitatioq events EWhalen_anq MCDiafmid, 19695'g£§xgg, 1970; Paschmand et al,,
1972)]. Recent results from the ATS-6 éateilite (C. McIiwain, private cbmmuhica-
tion)”indicate that sharply field-aligned electron fluxes are occasionaily observed |
'aﬁ_sjnchrdnoﬁs altitude. Af this‘time, however, fheir t&piﬁal enefgies,.frequency E
of ocecurrence and felationship to the substorm expansive phase have not been deter-
mined. The second factor is the possiﬁilify'of various mécﬁénisms operating on the
electrons<as they travel bétwgen the'quatpr and the.ionosphere. _There is coﬁsidf
eréble evidencé bnilding u? théﬁ suéh processas-can.occasionally be importanﬁ [ingg;
- 1969, 197k Sharp et al., 1971; 3;935._1972].- In neither_of these areas is.fhg |
available daté.sufficiently extensive tb.allow fof_a quaptitafivé éérrection to the
present calculation, particularly since, as noted above, the effects ére‘probably
dependent upon the substorm phase, Thus, in the spirit of a éimplified model for a
fi;sﬁ iteratiog.comparison, ﬁe-will neglect_shch-effegts in.the present waka
An estimate bf the proton contribution to the conduetifity duiing these events

was made-én*tbe bagis of fhesmeasured'proton fiuxes. It_waé typically'of ﬁhe_oxder
of l@% andlwas neglacted in the presént analysis;_‘Réfinemepts'in_the‘model_should
also.account:for ﬁhegprdbéble systematic latitudinal motiﬁﬁ'of fﬁe.ATS conjugabe
- point during the rsubstérm as wel;' as variations in the location and width of the
éntireielectrdjet,gelative to'ﬁhefédnjugaté poiut-magneﬁomaﬁgf;.
| The results for the substorm on September 1, 1970 are shdﬁn in.Figuré 3. B -%
- There is'surprisingly gooé'agreement in the_sha§eskof'the twacurvés;7 Théfnoﬁmala
'ization yiéldsjan effegtivé-westward electric fiéld value of about iO'mV/m. -

| .Aisb shewn in EigureJ3:is the interesfihg.ﬁémﬁéral Correspondénoe'bepweeh fﬁe'
‘period:of incieasing electrojet cu;rent'an&-the @ériod of ﬁeéreasing‘inéiination

-'of the expansive phase of substorms and maiks the reconfiguration of the magneto?

R IR A
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tall field from a tall—like to & more dlleE ~like geometry It providee further
| ev1dence that we are in the inaectlon sector of the substorm and that the observed-
pertlcle 1ncreases are not the result of a longltudlnally drlftlng cloud.

The next three figures (h 5, and 6) show 81m11ar comparlsone for the other
three events shbudied, All ehew subetantial evidence for a quantitative reletion».
© ship we tween the ATS energetic electron flutes and the magnltude of the westward

auroral electrojet during the time period after the onset of the expenszve phase
On day 166, 1970 (see Figure k) the best flt was obtained with the station at

= 6l 5 “which was elosest to the latitude at which the eubetorm was initiated.
in the Alberta sector se that the data from that statlon (Port McMurray) were
utilized. The mede; eurve was caleulated for an electr;c field of 7.3 mv/m. One
sees that there is rather.geod agreement between the observatiens and the model
_predictiene for the first 45 minutes afteﬁ eneet,.with_increeeing deviations at:
later times as the region of maximum disturbance moves further eway from the Al-
'berta iiee.and'theffoot.ef the ATS~5 field line., TFigure Seehows-the_reeulte for
~ day 183, 1970;_the model curve aesumes an.electric field of 8.1'mv/m; There -is
.:goed:egreement between the model ealculatioﬁe'and Qbservatieﬁs for a U5-minute
pefied over the mejor portionsef the event. It is interestihg to note thet in{-
"the period before O6h8 UT there is. mome disagreement between the observations
and’ model ce.lculatu.ens W1th the model predlctmg nigher electre;]et eurength
This~is-perhaps'understandable in terms of_the fact thetthlspartlculer substorm -
was initiated to the east of the Alberts line, ‘and the westward surge did not
iarrlve at the statlon line untll O6h3 UT: Thue, in the 1n1t1a1 stages .of the

substorm, there Was no westward current flow over the suetlon line and the mag-

netometers recorded the dlstant effect of currents to the eest The magnetometere .

would therefore, tend to undereetlmate the strength of the ‘agroral - electroget flow

at the longltude of the ATS 5 fleld llne durlng theee EallJ etages of the eubstorm
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The data on dav 195, 1970, are compared with a model curve calculated for an
electric field of 5. 9 mv/m in Flgure 6 ‘Phe data in this case appear to be lese
Well fit by the model than the other three days presented in this study, although'
'the grose featuree of the behav1or of the electroaet are roughly reproduced The

_ ma;or deV1atlon from the model predlctlon is the dip in observed negative 0H at

' ~'0825 UT, however, 1t is 1mportant to point out that thle dip is assoclated Wlth
the development of a surge form over the station line to the north of 66. 5 The

-_p031trve AH perturbatlon which is known to domlnate the region equatcrward of the

surge [Akesofu.et al., 1956 Klsebeth and Roetoker, 1973] is thus nrobably respons-

ible for the observed decrease in nega‘c:.ve AH at 0825 UT. .
CONCLUS TONS

These are relatively new results and this is in the naturé of a progress re- , ' ;
port. Further refinements to the model aud the exqmlnatlon of eddltlonal events.
Wiil be undertaken. Our conclu51ons at this. p01nt are that these results support

the model of Coronigiﬂggd Kennel:fl9?2],.at least for Lée ted perlods of tlme

eroend‘loeal‘midnight during substorMS; The resulﬁs,ere conelstent W1th g-queeiF

:.constant electrlc fleld averaged over the sensrtlvlty reglon of the magnetometer

w1th which the comparlsen was made for 8 substantlal portlon of each of the sub—
3_sterms studied The princiﬁel temperal,VEriations-ln the electroget durlng.these -
pericds were apperently due to- conduct1v1ty chengee reeultlng from varlatlons in . |
the electron fluxee.. This agrees. W1th the resulbs of szer Ll971J and Gurnett and
Akasafu [1974] Brekke et al. [197&} on. the other hand. show examples of eubetorns
' ?:1n whlch eignlflcant varlatlons in the Westward electrlc flEld wers observed he:

'results reported here also imply strong (or at least constant) pltch-angle dlffuelen

i
o
v




- over the perlod of the expansive phases of the substorms studied. The effective
westward electric field valuee obtalned by ‘the normalization of the model calcula-
tion to the observed electroaet are W1th1n the range of values determined hy other
technlques [szer, 1971; Haerendel, 1972]

If fubture studies confirm that during most substorms the electroget can gen;
erally be represented by such a elmple-model, then the p0551b111ty arises of the.
more extensive epplieation of this technique to the measurement of electric fields.
‘Measurements of 278k and-6306ﬂ.emiseiens with a scanning photometer3could be used

to estlmate the parameters @ and E as is done for example, by Mende and Father

[1972] " If these data were obtelned in cen;unctlon with a sufflelently densely-
speeed merldlan magnetometer chain to allow the 51multaneoee determ;natlon of the
eleetroaet w1dth,and intensity, then continuwous electric flEld measurements mlght
- be possible over more extended spatial reg;qeszand_tlme perlods.than are .attain-
able by present techniques. - One would expect occaslonal errore in detail from
~this methed:fer'the.veriety of‘reaeens_diseussed above. _Hewever,_stetistieally-
‘useful data for morpheibgieal.etudiee_might be obtainable en a long-term basis in .

this way.
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FIGURE CAFTIONS

Magnetometer data from Fort Chipewyan. Canada. and ATH-H clectron

flux measurements on September 1, 1970. The magnetograms for this

- day originally appeared in Kisabeth and Rostoker, Bg?h]._-

' Cowling conductivity per unit energy flux to the one_half.power_as

a function of the'avérage energy of theApfebipitating.electrohs.

Lower panel; - Model electrojet for a westward electric field of

9.9 uV/m compared with the magnetometer data of Figure L.

Upper paﬁelﬁrlThé direéfion'of-the magpetic'field at ATS-S. ‘Data

courtesy of T. Skillman,

. Data for June 15, 1970 in . a format similar to Figure 3. The

assumed westward electric Tield was 7.2 mV/m. The magnetograms

for this day originally appeared in Kisabobth and Rostoker., L1971).

Data. for July 2, 1970ﬁih a2 format similar to Figure 3. The

‘assumed westward electric field was 8.1 mV/m. The magnetograms

for this day originally appeared in_Kisabeth and Rostoker,l1971}..

Data for July 1k, 1970 in a format similar_to Figure 3. The
‘assumed westward electric field was 5.9 mV /i . Thé magueﬁograms_

for this day briginally appeared in Kisabeth L1972].
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| -  ABSTRACT

All Sky Cameras (ASCA) observations-Weré made'at.the field line conju-

PP

gate of the ATS- -5 Satellite. The field of view of these cameras covered the ' Lo
region of the.magnetosphere from L=5 to L=1ll at the appreximate longitude of ;

the ATS field line conjugate. With this coverage, definite statements can,be

made concerning the correlation of the auroras observed by the ASCA's and

- the magnetosphéfié tfapped fluXeS'-'In general, auroral forms are not simply

correlated Wlth the synchronous altitude eleectron fluxes. The presence of

‘hot plasma at the ATS-5 satellite is a necessary but not sufflclent condltlon

for the occurrence of local suroras. On qulet éays the hot plasma does not

e e ek e e L i in . e ik .

penetrate into the magnetosphere far enough to reach the ATS—5 orbit.,  Under .
-thﬁse'cOnditions.né-auroras.are-db5erved'at.the field line conjugate, but .

aureras are usbally observed on higher latitude field iines,

T

On more disturbed days, auroral arcs are observed at lower latitudes ;

* when the plasms sheet penetigtes jnto the ATS-5 orbit., - Signi- R

‘ficant qualitative correlation betwcen the ASCA data and the trapped fluses . _ Lo

-can be observed when a local- Plasma 1nJect10n event occurs near AT3-5,  The

clearest signature of the injection event is magnetic and is most pronounceu

as a recovery of a negatlve bay in the morth-south component of the field ' : 2 E
- at the A@S.5 The local 1n3ectlon generally'produces a break—up event and ’ -
: 5 - sometimes a westward travellng-surge However, the most 51gn1ficani correla-
tions are dbserved with the lnten51f1cat1on of the dlffuse unlform glow Wthh : _ P Q

Vlntensifles during the ingectlon event,
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INTRODUCTION

‘Synchronous altitude satellites offer a unique opportunity to con-
tinuously monitor the energetic particles and compare the fluxes with the
ground phenomena at the field line-conjugate,  There have been a number of.

studies using ground-based measuremonto'and exporimonts on-board the ATS

satellltes to investigate the phenomena occurring at the region of the magneto—_

‘sphere near L = 6.6 (Freeman and Maguire, 1967; Lanzerotti et al., 1967;
Pfitzer and Winkler, 1969, ‘Lezniak and Winkler, 1970; Cummings et al., 1968;
DeForest and McIlwain, 1971; McIlwain, 1972).

Tndividual auroral substorm events wefe studied by Hones et al. (1971)
and Mende et al, (I972). Bach of these studies examined an individual substorm

using a broad data base 1nclud1ng ATS-5 satelllte measurcments and ground

_observatlons in an attempt to understand- the specific mechanlsms Wthh were . -

responsible Tor the production of substorms.

'.Akasofﬁ et al. (1974) addressed the specific question of the relationship =
between plasma measurements on the ATS-5 satellite and auroral displays near

the foot of the ATS =5 field line. This study was based on the ATS -5 plasma

detector (UCSD) and the Dominion Gbservatory all sky cameras operated at Great

Whale River., The field of wview of the Great Whale River all sky camera does
not cover {he'projected-ATS 5 field line conjugate, and this resulted .in a funda-

mental dlfflcultj in draw1ng detalled conclugions as te vhether or net specific

local,auroral forms vere correlated with the synchronous altluude plasma _

dbservatlons.3

In this paper we are 1nvest1gat1nﬂ the correlatlon of ATS- 5

- plasma data with all 'sky camera data taken at.ThompsQn and Gillam, Manitoba-”
' The fields of view from both of these stations cover the projected field line
positlon,of the ATS-5, 1nclud1ng reasonable dynamlc changes in fleld conflguratlon

-(see Figare 1). The concentrlc rlngs around ghe staﬁlon.represenm the |

eomputer generated,latltude, longitude loci of the 110 km altitude

R T T S e S P Ry T




. used to +test the validity of the fleld models and would enable ue t0 derive

 electroJet current as measuréd at a ground-based station near the ATS- 5 eonauw

g

points corresponding to zenith viewing angles of 15, 30, 45, 60 and 75 The
computed position of the ATS-5 field line (GSFC 42-66 field model) is alsg

shown on this figure as an.elqngatﬁd rectang@g (which allows for the longitu-

dinal drift of the satellite through the period govered by this discussion), i

Based on the same Tield model we have calculated the L value and liﬁes
of constant L have been superimpoééd. Thus, the combined all sky camera
field of view from Thompson, Gillam and Fort Churchill include the L value
range of 5 to 11. In this field model, ‘the ATS—5 L‘value‘is‘6;9. The diurnal
motion of the field is not expected to be more than about 1° in latitude
(Peirfield, 1968). According to Fairfield and Ness (1970), just prior to &
substorm onset the field is stretched out toward the tail on the nightside
compéred to the dipole—like'configuraiibh. This resulis ih an estimated -
additional ATS+5 conjugafe point movement of ahout 19 in latitude. The
present investigation of auroras at the conjugate. point and_particle da%a at
synchronous -altitude can be regarded as a search for a method of field line

tracing u51ng the auroral partlcles as tracers, Such data could then be

a time dependent model during a substorm. Uniortunately, alihough good corre-
lations between the auroras observed.by the all sky cameras and the . trapped

synchronous fluxes are found in some cases, the relatlonshlp 15 not unlqup.

Recently, Sharp et al, (1975) have shoen that a quaniltatlve ralaumon- f"

ship exists betweesn the syHChronous altitude particle fluxes and the auroral

gate point durlng substorms. The explanation of Sharp et al. (1975) relates
the electrojet to the trapped fluxes by means of the conducthlty enhianc ement

.,ga@sed.by the_pree1p1tat1ng fluxes, thusApresupp051ng.Lhat there 1s_a definite
- relationship between precipitating and trapped fluxes. Whus,,from £heir.re§ult,
'one would expect a close correlatlon between the Lrapped 1luﬁe mcaaured at

”'ATS =5 and the auroras observed by the ASCA because Lhe aurorav onserved Dby

the ASCA are a minifestation of the prec1p1tatlon.
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In order to investipate the correlation between the ATS-5 trapped
fluxes and the &ﬁroras at the foot of the ATS-D field line, we have developed
a technique for displaying the auroral intensity recorded by the all sky

camera film as a function of time for selected locations., The technique

involves the optical measurement of the fllm density at selected points on

the all sky camera negative. These poinis on the film are on north-south
lines'aﬁd their position onrthe-fi;m plate is illustrated iq Figure Al of the
Appendix. - In this paper we only present the data from points on a north-south
line closest to the ATS-5 meridlan. Assuming a constant 110 km altitude for
the aurora, the geographiec position’ correspondlng to these polnts are shown
on Flgure 1 by the large dots. In this paper we present ASCA time plots in
which the photographic den51ty is plotted as a functlon of time Tor these
seven points. The ASCA time ploﬁ traces are presenieu in Tlgure 5, 8 1n

16 and 18. “The traces are ordered with the most nertherly location at the

- If the ATS-5 field llne mapped to a fixed locatlon in the ionosphere
and the ATS 5 flux measurements were representatlve of the preclpltated flux,

then -one would expect-that one of these traces would be well correlated with

the electron.energy flﬁxJ The method of producing the time plot traces is
described in more detail in the Appendix. ' '

. AMALYSIS

As a starting pO“nt we will examine the coordlnated data available
for 2 very quiet days during Whlch the ATS<5 de not EMLOUHLLr sxgnlilcant Llechon

flux enhancements. Since no auroras were cbserved at the conjugate point

-during these days; it is reasonahle to conclide: Lhat the existence.of energe--

tic particle fluxes at ATS-5 is a pre-condition for auroras to occur atv
the field line conjugate. . '

Then, we will examine two déys on which the ATS-5 did encounter signi- .

. fieant plasma enhancements as a result of digcernible local injection events

on.the eVenlng-slde. In these cases, there is a vorrelatlon between the ASCA

déta_ahd the freshly_arrlved plasma at Lhe satellite near the line of 1n3ectlon.

'
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“bright structure per51sted on uhe irestern horizon around O6L8, it

" intensified and flnally appeared 4% au grc across the noruhern half of the.

. 0089 UT to about iLBO_UT. The Plrst dlscernlble aaroral dlsplay appeared N
" around 0500 UT. It'consisted of a zenlth arc, slowly 1ntenslfy1ng around

-

Finally,.wa.will examine somewhat more disturbed days on which the
plasma enveloped the satellite at fairly early local times and significant
auroral activity was observed in the ASCA data. Under these conditions

the auroras are generally not well correlated with the drifting plasma

'clquds, but are correlated only with freshly injected plasma,

QUIET.CONDTTIONS WITH N0 PLASMA INJECPIONS

Figure 2 presents a typleal quiet spectrogram from the ATS-5 plasma
detector (DeForest and MeIlwain, 1971) for day 43, 1970. Day 38 (the spectrogram

for day 38 showed even less activity than that for day 43} and 43 were magnetically

-Quiet'days and there were no significant electron fluxes Gbserved at ATS-5

during the entire day. The ASCA was operated at Thompson from about ouhs:
to 0B4S5 UT. A careful study of the all sky'. camera records for both of these
days show no discernible auroral activity at Thompscn. The clarity of the

sky can be easily established from the all sky camera pictures by means of

a star count.

It 1s interesting to investigate the extent of this aurola free region.

A1l sky camera coverage at Ft, Churchill began at around 0100 UT on day 38,

A fairly bright arc appeared around Q450 in a dlrectlon somewhat northwest

to southeast located near the northern horizom. There was a discernible

loop structure en thé easterndside, it faded out as it_moved southward and

diSappeared arcund 0514, A single‘loop strueture appeared on the western

horizon at 0612 and,an overhead zenith arc intensified. A fairly

sky. ‘The nlght's artiv1ty culminated at 0720 when the arc brohe ap and only
patehy structures remained, The sky cleared around 0830 with no addltlonal
auroral dlsplays prlor Lo tw111ght at 1220 S

On day 43, the all sky camera at M. Churchill was operated,from

0522. It disappeared at O%Y1 in and reappeared very much more intensely

at ‘around 0615, . The arc broke up avound 0629 forming a loop et

i

e e e e e
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around 0632. The aurora faded out and became very dim around 0650. An arc
located somewhat south of the zenith appeared around 0736 showing multiple
gtructure and intensification by o804, It shifted towards the northern part
of the sky and persisted through 0822 and formed a elight'loop towards the

~eastern slde of the sky at 0836. A poleward shift took place slowvly between

0836 and 0900. Small patchy structures appeared around 0929 near the zenith.
Very diffused morning-type auroras were observed around 1107. Auroras re-
mained until twilight, about 1201. . However, no aurorgl displays were observed

in the vicinity of the ATS-5 conjugate point.

In summary; both days 38 and 43 showed all the regular features of

nightly auroral displays, the southward moving structures, the appearance

of overhead features in the early evening hours, the midnight auroral breakup
and phe patchy diffuse displays following mldnlght By comparison with more
active days, one would predict that plasma injections were present on the field
1ine above Ft. Churchill and if a satellite. similar to AT8-5 could be flown

at the L value correspondlng to F4. Churchill, i.e. at a geocentrlc distance

of 8 or 9 earth.radlus, then one would expect to find plasma clouds at thls

locaticn.

QUIE? CONDITIONS WITH LOCAL PLASMA_INJECTIONS_-

In revieving the all sky camers and simultaneous ATS- 5 data on day 44(Feb.
13, 1970)(Mende et al., 1972), we found that the first large plasma injec-
tion was 51mu1taneous with a subsﬁorm oceurring around 0530 UT and was
associated with an auroxal-dlsplay. '

In Figure 3 we present 8 spectrogram of the UCSD plasma analyzer data
for day 44, There aré two distinct electron flux 1nten51f1cat10ns at the

satellite,  The one already mentioned (0530 UT) and another at around 0720 UT. In

_Flgures 4~ we. present a collage of the ASCA pictures: lrem Thompson

and in Figure 5 the time history nlot (Appendlx I) of the lhomnson
data are presented . The Tirst flux 1nten5111cai10n vhich
suddenly enveloped the satellite at 0530 correlates very well o

Wlth the auroral intensification as seen in the time history plots of




e PR T AR TR A R N T TR TR

R SRR S

e e n et

P
i
|
‘ .
|
|
!
i
i

i
[

Figure 5. This intensification was uniform, extending all the way from the

southern-most to the northern-most latitudes.

. Aftér this initial sub;toré there was cowntinued periodic auroral
activity. For example, on the northern half of the sky down to the zenith
over Thompson there was obvious activity between 0640 and 0710. However,
there was no distinctive auroral activity at 0720 and ithereafter when the
second rapid flux 1ntensiilcatlon vas observed at the satellite. Examlnlnﬂ
the Thompson all sky camera photogravhs alone (Figure u), it would be rather
difficult to. derive any qualitative diffTerence between the events occurrmng
at 0530 and at OZEO. Hovever, following the 1nte1pretat10n of the ATS- 5 plasma
date by DeForest and McIlwain (1971), the 0530 event vas a local 1ngectlon
since the high energy protons trace back 1o the injection polnt of_0530.

The ihtensification ét 0720 was dué-to an event which oécurred a few minutes
prior to the west of the satellite. This can be seen from the slight down-
ward'sldpe of the dispersion trace of the elecirons réaching thé sgtellite
at this time. Although this event occurred near the satellite, the absence
of the protens and the slight slope of the dispersion curve means that this
was.not.truly a loeal injection event. Thus, the auroras generated.simul-

taneously with the 0530 event resulted from the precipiﬁation'of electrons

as they were being freshly injected into the region containing the field lines

associated with ATS-5, In contrast, the 0720 flux'intensification resulted

. from.a driftlng plasma cloud 1n whlch there was 1nsufflclenm pitch angle

-dlffu51on into the loss cone Lo malntaln anroras which were detectable by

the all,sky camera,.

The dlfference between the 0530 and. 0720 events is also 1nd1cated by

. the behavior of the ATS magnetogram . The first event at 0530 was accompanﬂed

7by ‘the sudden recovery of the magnetlc depresslon of the Bz (nor th-south) com-

ponent of the field at ATS. This was a conxlguraulon change (Mende et al,,

: 1971) since the plasma 1n3ect10n should not result in a Ileld Tegovery; in

fact, it should depress the fle*d evern fulther. There W&s ‘no such,magnetlc

_fleld signature assoc1ated with tiie plasma cloud appearlng at 0720 thus,

' there was no sudden temporal change of the magnetospherlc conflguratlon,' it.

should be notedrthat the ATS-5 was not in an intense flux region prior to

4
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in the auroral data. This is consistent with the findings of Sharp et al. (1975).

the 0530 evenf.. In fact, il appears that the 0530 injection event covered
a broad latitudinal region which Iincluded the ATS5-5 locaticn.

In Figure 6 we present.the.day 44 Thompson magnetogram in an expanded time
scale., It is noteworthy that the 0720 plasma event does indeed show up quite

distinetly in this ground-based magnetogram-and in fact is much clearer than

On February 5, 1970 (Day 36), a 51ngje is olated event was observed in
the all sky camera data (see Figure 7). Time plots of these ASCA data
are presented in Figure 8, These plots illustrale the presence of a south-
ward moving arc starting around OWCO and the sudden appearance of the central
arc at around 0432 immediately followedrby the breakup and onset. The local
time at Thompson durlng this event was early evenlng and the direction of
the locel currents was eastward shoWlng a positive D- component Just azter 0430,
This event is not particularly evident in the H-component at Thowpaou hovever,
it does show the commencement of the local activilty at about 0430, The posi-
tive D-component could be Lnterpreted as an upward moving fleld aligned
Birkeland current north of the station. The H-components from the selected
polar stations show a maximum at Churchill at Ol30, which is in aprecment wilth
+he center of the event being poleward of Thompson. and qutside of ATS-5. ‘A

gignificant field recovery at ATS-% was observed to coincide with this event.

In Figure -9 we show the Lockheed ATS-S plasma data. (The
plasma properties were derived as per the Appendix of’Mende et al.,
1972.) We can see that the ATS<5 energy flux clinbs very slovly
reaching a-mﬁximum'levél at 0500 or later. The eleciron fluxes
observed at the satelllte uurlng this event were extremely sof't. The
event was accompanled by a magnetic reconflguratlon 51gLauure, at TS and
by a moderate negative bay at Gi. Whale River east of the station, and
a.stfong negative bay at It. Qhurchill north of the station. The-;

sudden positive excursion&of the D- compoﬁen+ at the local. station

1nd1cates that the center of ‘the event was pos=1bly poleward from

the ATS 5 locatlon. Wevertheless, we would. classlfy this as a local

injection event on the baéis'of field reconfiguration cbserved by:
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the ATS-~5 magnetometer and it appears that the scft edge of the plasma
sheet extended into the region of the ATS-5 satellite (Vasyliunas,
1968; Shelley et al., 1971; Mauk and McIlwain, 12973). This was
accompanied by moderate breakup activity at the location of the Tield
line as seen in the all sky camera,

ACTIVE CONDILTONS WITH LOCAL PLASMA TNIECTTIONS

- As the auroral activity increas-s plasma injection events occur with

‘increasing frequency and the ATS-5 satellite is frequently enveloped by .-

the drifting plasma from earlier injections. On day 326 (1969), a sudden
commencement occurred -al appreximately 0250 UT following a relatively quiet

day. Significant magnetic activity contimued after the sudden commencement. -

~as indicated in the Ft. Churchill magnetogram.

Since the all sky cameras, operated'at Thompson and Gillam,'were of

the raﬁid,run variety, film was conserved uy photographing only at times

" hear local midnight."Ail sky camera data acquisition began at 0451 UT on

this'day (Fig, 11). . Some faint aurora emissions were evident even at this

time; however, intense moonlight inhibited very sengitive all sky camera

‘.observa+1ons. A northern arc intensified at around 0506 and disappeared

about 0510. Some multipie-overhead.a*c structure vas discérhible around
0520, A falrly intense auroral arc appeared near the nothern horlﬁon at
055L. The arc was quite disturbed and traveled rapidly scmthward reaching
the zenith by 0555. Another arc, southward of this arc, brigotened to about
0957 while_the arc at the zenith faded;' By 0559,.a surgeélike 1oop deveioped,

moved westward,: leaving the field of view by 060L. ~ Hote that this

was a Véry.bright:aurora_sin¢e-itIWas compargble in intensity to the bright

moon which was also within the field of view. Additional folds follaowed
the Westward motion between 0602 and 0605. At this tinme a bright arc

appeared in the southern half of Lhe sky while Lhe northern portzou,of the

'sky was filled with dlffused patches of aurcra. The arc moved slowly

northward reachlng the zenlth,by 0612, Phe dlsplay faded around 0616.

. There was very little aurora activity dlscernlble in the presence of the brlght

moonlight following ihls time.
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Thé auroral event which was observed at about OSOO,Ithe most intense
up to that time, corresponded closely to the peak in the electron enérgy Flux
cbserved at ATS:5 (Fig. 12). This was probably a local particle injection
event since it was accompanied by a recovery of the magnetic field to a more
dipole-like configuration as indicated by the ATS nmcnetowram.(Tlg 10) at
0600,

In summary, from the day 326 data taken on November 22, 1969, we can
make the following deductions. The ATS entered a region of -energetic magneto-
spheric plasma around O&OO-O&30. ;Aurbras were present in the sky in the- |

following period, but these auroras were not related in any éimple vay to the
observed plasma at ATS. As has been pointed out (e.g. Akasofu et al., 1974),
the auroras are far more dynamlc than the trapped particle fluxes observed
at synchronous altitude. The only time when auroras vere simply correlated
with the observed particle fluxes was at times when there was evidence for
the. injection of fresh particles in the magnetosphere at the location of
the satellite associated with magnetlc field conflguxatlon changes, buCh as

the event obgerved at apprOhlmately 0600,

T™e night of Nov. 3, 1969 (Day 3l3)_ vas discussed by Akasofu et al..

(1974+) based on the Gt. Whale ASCA camera data. This vwag a very disturbed
night with a huge local 1nJect10n occurring at around 0630. -ASCA data was
alsa acquired at Thompson starting at about 0630 UT. Although this was rather
late when a large substorm was already in progress, the event is worth inves-
tigating in view of the strong correlation between the ATS -2 electrons and
the electrojet current throughout the period of several substorms reported by
Sharp et al (1975) The ATS -5 elechon, omni-energy flux is shown in Figure
13. 'The energy flux- 1ncreased signlflcantly in the perlod.betveen approxi- .

mately 0500 and 0730 UT reaching relative maxima at about 0613 and 0730 UL,

_The all sky camera data are presented as - tlme 1nten51ty Dlots in Figure lh

" The ASCA data was- essentlally saturated between 0630 and 0700 correspondlng

to hundreds of ergs prec1p1tation,(see the omni-energy flux of the trapped
partlcles, Pig.. 13), . From the ASCA.data there is clearly a general decrease. .
in auroral activity by about 0715 UT followed by a reintensification which :
culminated around -0735-0740. Both of these events are racognizable‘in the
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magnetograms as well as in the ATS trapped fluxes, In particular, the AIS
magnetogram indicated a significant recovery to a more dipole-like con-‘
figuration between 0610 and 0635. . Also, at 0730, a small but distinct

temnporary recovery is observed,

' In summary, one observes in these cases that the precipitated fluxes which

have a broad epatial,extent'as observed in the ASCA data are temporally corre-

“Jdated with the trapped parﬁicle fluxes as measured at ATS-5, There is evidence

from the ATS-5 magnetometer data that all of these events were temporal and

- that ATS-5 was cbserving partlcles which were very recently injected into. the

inner magnetosphere.- Durlng the day 313 event, the broad auroral prec1p1tatlon

.was 50 1ntense that the enilre frame of the ASGA was saturated and individual

auroral forms were not discernible if they were present In contrast, this

broad diffused auroral precipitation for the most commonly oecurring intensity
substorms is near the all sky'camera threshold, and can only be brought out

by the time plot technigue. described in the Appendix.

ACTTVE CONDITIONS WITHOUT LOCAL FLASMA TNJECTION

From the preceding dlscu351ons we have seen that,at least under some

condltions, the auroras dbserved obn the field line which maps through the

- ATS- 5 are well correlated with the. trapped electrom fluxes as observed at

"ATS 5 In order to complete our’ study of . events in which we have coordinated

ASCA and ATS5-5 particle data, we will review a typlcal,day (ous, ~9TO) during
whlch beth distinct auroras and electron flux 1nien51f1catlon events at ATS-5

were observed but for which very poor correlatlon was found between the two

Asets of data,

All sky camera observalions began at Glllam at 0308 UT (Fag 15) ;An .
auroral arc was present in the field of view noruh of the statlon. This arc o
moved steadlly southward untll 0350, At 0400, a multiple arc Suructure '
appeared which developed into a looped conflguratlon between 0OU13 and 0425,

The most interse structures developed north of the statlon at. OH3T The sky

was relatively clear of auroras by OHU49 and remalned 50 untzl 0513, Fresh

actlvity started on the northern horizon at 0523 and an arc Degan to move southvard.

10
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The all éky camera COVEerage vas éontinued with the Thompson all sky
cameras which came on at 0452 (Frig. 17). A_Southérn arc was observed at
0607 which broke up inte a rayed north-south aligned formation at 0649.
Another pair of arcs intensified at 0706, The northward arc moved eguatorward
and at around 0730 it bécame a rayed structure. An intense surge type forma-
tion presented itself at 0757 towards the east, but never actually moved
westward -(Akasofu, 1968). After this relatively eventless period, auroral

arcs and patches began to form at 0B00 and continued untll 0845, The time

.plots for the Glllam,and Thompson ASCA data are shown in Tlgures 16 and 18

respectively.

The ATS-5 spectrogram of the UCSD plasma detector. data for this day
(day L5, 1970) is shown in Figure 19 and the electron omnl energy flux derxved

from the Lockheed data is -shown 1n.P1gure 20, The electron energy flux began

“to increase at approx1mately 0400 UT, - This initial flux increase was due to

relatively soft electrons (see Figure 19) sugﬂesthg the entry of the satellmte
into the plasma sheet or into a weastward drlftlng plasma cloud. The electron

flux continued to inerease reaching a sniall local mesximum at aboui 0430 and

began to increase again at about 0450 reaching & broad maximum at about 0540,

_ Other maxima occurfed at about 0620 and G755.

_ Comparing these times with the times of signifidant auroral activity
near the foot of the ATS-5 field line described above, we find very little de-
tailed correlation between the two sets of data. The time of whlch the initial

rise in eleetren flux oceurre d did. agree reasonably wal] with the time at Whlch

~ the aurcras first moved southward through the projected. location of the ATS- 5

fleld line. Also, the small 1ocal maximun in the electron energy flux at

goout 0430 appears to be. assoc1a+eu with the relatively broad enhanced auroral

- laminosity beglnnlng at gbouwt 0430 primarily north of the ALS,5 fleld line
'(see Figure 15), It is reasonable to assume tat each of the flux 1ntensi¢1ca-

_ tlons cbserved at ATS could be Lraced back to some spec1f1c substorm act1v1ty'

at some earilier tinie by the method of DeForest and McIlwaln(JQTl), however, -

.‘the purpose of the present study is to 1nvest1gate vhe relationship between

'the 1nstantaneous auroral lum1n091ty and the assoc1ated trapped partlcle )
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5 { ]; _ fluxes. From this standpoint we finq the correlation throughout this period :
i i to be very poor. "It should be noted that this is consistent with our observa- ;
? _ tion in the previous events and also those of Sharp ét al. (1975) in that -
’ “‘the ATS-5 Magnetometer did nof.ind{cate a local reconfiguration of the tail ?
é field and thus these-intensifications were not interpreted as local injection
3 events. '
I ! j
%‘ ' In summary, we find that during this actlve period there was very poor
§ ; - cofrelation between the synchronous altitude trapped electron fluxes Which_ _
? | were not due to local injection events and the corresponding auroral forms. | o %
i gbserved near the fooﬁ of the ATS-5 field line. % :
; o
|
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CONCLUSTIONS

We have inter-compared the trapped electron fluxes at the ATS-~5 and the

simultaneously measured aurordl activity near the projected foot of the ATS-5

‘field line for several days of varying substorm activity. The comparisons
were facilitated by presenting the all sky camera data in the form of tlme
varying lum1n031ty plots. We have found that under certaln conditions there

. vwas a good correlgtion between the two sets of data whlle under other condl-

tions the data sets were poorly correlated.

The ASCA cbservations of Akasofu et al. (1974) were made at one hour
local time eust of the caleulated ATS-5 field line pOSltlon,_ The fact that
they cbgerved auroral 1nten51f1catlon coincident withn: plasma 1n3ect10n shows
that on a broad scale the auroras are correlated with the magnetospheric ATS 5
(trapped) plasma. We also found that there was good correlation between suroral
intensifieation which took place over a broad latitudinal region and iocal ' '

plagma injection events at ATS-3. It should be noted, however, that part of

- the dlffuse background in the ASCA data may be due to other than direet

particle precipitation only. Optical cortamination T'rom dLmouphcrlc and in-

gtrumental scatterlng from.brlght auroral features within Lhe ASCA fleld of

. view will also produce a general background proportional to the overall auroral

_ act:wlty

It mlght also be antlclpated that there would be a sﬁrong correlation

petween detailed variations in the trapped flux levele and small scale auroral

features or arcs observed near the conjugate point of the.flux measurenents.

The search for such correlating was fa0111tated.by the use of tlme—lnten51ty

~ plots for the ASCA data. Also, the use of data from ‘mulbiple ASCA observatlon

sites made it certain that we covered the ATS -5 field line position including
reasonable allowvance for dynamicvariations 1n positlon durlng substorms. We
did not find any 1nd1catlon of single auroral features or arcs being correlated

with the ATS-5 partlcle-fluxes,__
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The.presént results established reasongbly well the lack of a détailed
correlation between the fine structure of the trapped plasma fluxes and the
small séale auroral features. . Such a definitive statement could not be made
by Akasofu et al. (1974) because at the one hour local time offset between their

parficlé flux and aurcral observations.

_ The existence of trapped eleciron fluxes at ATS-5 appeats to be a
necessary condition for auwroral activity in the vicinity of the foot of the
field_line, but it is not a sufficient éondition. The aetivity associated
with the individual auroral forms did not appesr to be correlated in any
gimple way with the variatioﬁs in the trapped electron fluxes. Furthermoré,
+the variations of the trapped electron flixes which were interpreted as
drifting plasma clouds from previous substorm activit&'did not neceSsariLy '
produce 1ncreased auroral activity. This suggests that at the time of

1ngect10n of new plasma into the region of ATS-5 there is s1gn1;1CanL piteh

‘ angle diffusion into the loss cone, consistent with the observations of

Sharp et al. (1975) On the otherhand, the pitch. anglé diffusion within
the drlftlng plasma clouds appears t0o be much weaker, ‘This. is also suggested
by the long lifetlmes of the plasma clouds (DePorest and McIlwaln, 1971)

The_féilure to discover a detailed correlation between the ATS-5 -
'trappéd fluxés-andfthe individual auroral forms suggests that individual
fbrﬁs may be generated at low altitude by some mechanism involving tﬁe fur-
ther energization of partlcles in the loss cone. Perhaps too much empha51s
has beén placed on the observatlon and 1nternreté110n of intense v151ble |
auroral displays as being important in magnetospheric substorm processes
‘sinee they may‘well be the result of’loﬁzaltitude_phenomena_involviﬂg only -

& fraction of the particles.
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APPENDIX 1

The_Digitizaﬁion_of All Bky Camerag Pictures .

In order to facilitate the comparison of all sky camera pictures with

- other forms of time series data it was felt deairable to generate a time

history pilot from the ASCA data, The advantages oi this type of preseniatlon

-which complement the conventional photographic presentatlon are self-evident,

In this technique, the all sky camera frames were illuminated by a
uniform- light source. A TV camera using a silicon v1d1con was used to view
the frame under examination, The video signal genelated by this camera was

digitized 256 samples per TV line for 10 selected TV lines per frame and was

ritten in a digital ferm on an incremental tape recorder. Calibraticn reference

frames were also recorded with zero transmission through the frame and with

known transmission, . These reference frames were used Tor calculating the per-

) centage transmission of the all sky camera picture at approprlate points. ‘The

ten equally spaced lines were digitized with 6-bit resolution (64 level grey-scale
quantlzatlon) The lines were in the morth-south direction. Seven points on -

ach line were selected ‘for the time hlstor plots.'

A_comphtef'generated plot"of'é digitized all sky_éamera frame'is shown

on Figure Al. The curves represent the 256 intensity pointsg taken along each

fline. The small cireles represent the positions of the polnts uhlch were

selected for time hlstory plots. Actual]y, four adgacent samples were averaged

for each of the selected points.

Infthe,preseptation.ofﬂthe time history plots, such as Figureé_5l 8,

. 14, 16 and 18, the average intensities for the seven selected points are

plotted, one above the other. The time plot nearest to the bottom represents

a6
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the most (south) eguatorward point on the Trame and the time plot nearest
to the top represents the most {north) polevard point. The generation of

these time history plots make it possible to directly compare the ASCA

data with other time varying phenomena such as the particle fluxes and magneto-

érams and thus make fore definitive statements about their correlations.

17
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Figure 1

Figure 2

Figure 3

-Pigure W

Tigure 5

Figufe 6

 Figure 7

~ Figure 8

Figure 9_

© Figure 10

Figure 11

Figure 12

Figure 13

| Figure 14

Figare 15

LIST OF FIGURES

Computer-generated map of all sky'camera field of views at T,

Churchill, Gillam, Thompson and Gt. Whale River.” The curves
surrounding the stations represent field of view angles from
15°, 30°, 45°, 60° and 75° for a 110 km assumed altitude. From

the GSFC 12-66 Tield model the invariant L values were computed

and superimposed. .USing the same moidel, the approximate positioﬁ

of the field line intersect is shown as a small rectangle. The
solid dots represent the geographic positions of the ASCA time
plot traces from the Thomson ASCA,

UOSD spectrogram Tor ATS-5 for day 43 (Feb. 12, 1970).

UCSD spectrogram for ATS-5 for day ub (Feb. 13, 1970).

ASCA pictures, Thompson, Feb. 13, 1970,

ASCA time plot, Thompson, Feb. 13, 1970. The seven traces repre-

sent the seven locaiions shown on Iig, 1 by the larpge dots.  Top

trace corresponds to northward point.

* Thompson magnetomeber H-component, Feb. 13, 1970.

ASCA pictures, Gillam, Feb. 5, 1970.

ASCA time plot, Gillam, Feb. 5, 1970.
Lockheed ATS-5 ﬂartlcle data
Magnetometer He-c omponenu data, Nov., ez, 1969

ASCA plctures, Thompson, Nov. 22, 1969,

_Lockheed.ATS 5 particle data, Nov. 22, 1969
_Loukheed partlcle data, ATS 5, Nov. 9, 1969
ASCA time plot,. Thompson, NOV. 9, 1969

. ASCA pictures, Gillam, Peb. 1H, 1970,
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Figure

16
17
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ASCA time plot, Gillam, Feb, 14, 1370,
ASCA pictures, Thompson, Feb, 14, 1970.
ASCA time plot, Thompson, Feb. 14, 1970.
UCSD plasma experiment, ATS-5.

Lockhéed particle data for Feb, 14, 1970.

- Computer presentation of single frame as digitized with the
system. Ten TV lines north-south aligned are digitized in 256

- samples each, The circles represent positions from which time

history plot curves are produced,

21

P——

e e el

e



290

)GV
X
P B4 e,

N
S
[
\““-._
280

/
270

SHw
[

T
AN
N4
19/

3
ij
G |
p

LLONGITUDE (DEG)

LA

e
s
)

.

=yl

260

N

N
AT ]
N
N

L
I

L

250

- h

‘o Ty
Te) '9)

~ (930) 30NLILVT

TFigure 1

. g
Z
=
% .

o F
&
&
8
g
Ry




| s

i i b dh e e e b S B e b s L b o et

I
at

'lllll'lll...l..'...".‘l'llIll...“.'...".'.""'l'l..l.-
AL U | TR % & BAICOIN Vol Vi vl B AR Ay
PAEPLX AT AR e b 5

it

PRZ 33T ceku ¥4

wv . o
T Y B e,

e

.l Py
1Y et i
Ly d

(el Pielle

e

T B b i e et
Cra ” o

ik,
1 7

aPespsalanasnbssassbosnnnions esbrnanstasrestoneanbassnatonnnebonnaatonnnntonnead

g A WIMA T A

L e et
T

parare co - demy

PR VIR AR

AR SEAE N f;f:-'-'-—‘-—"”‘\

By b (4L

MRaER

e R FHN A AT kst |

[}
erx & [ v mverCrh 2
fLent o B e s rers
N B 5 fa

T T »
PR N BN ¥ Tl V) BT M8 DS PIRE Rt SENE
- busasatoisastsanssbasansbassasbossrrtosnoatonavsbonnantonans

R AR R e e

e

ELECTRONS
g - ‘

ENERGY

IN E¥

g iy

- © o
vannatonn e

D VAT
Teaseshae

ENERGY
=m0
IM EV

g™ 3
wrp y =0
™ a7

™ of

! ..', 32‘!; 7 ’E:i\#‘

ST 000 I
L

AT adauk

Be LI

YOO QuaLITY

43 OF 187

Figure 2

[ T N} -.:.”.":"‘“‘?‘.“.‘!"‘."‘""”b.""h‘"uﬁ'.;;a"[: n.';lb--n .’-un --.-‘Y.u\n-nltuoitnl t'unlb-ul\bn‘

.*-

LSy

o~

—

b L

e a2 4%

T

e

e

."b\.".ﬁ""h“"hb

T L RSP T T WY LTI S W Cr v, PR T Ppree,

]
:
'
:
z
;
:




T TR sy

i b i i e b e L Ly G s g

-

AT 3 D T T O ) € ISR T T
A ST R SO AT £ At SRS SRS S R I R T
[T g 14 s

_ i

R

¥

i

kal:
?ﬁ-‘n.

ey
& s
By

oty i

MR TS S L A ¥
RS 2 7 .,

II:"E:(’E e I

e e b i‘:dm 'lu“ "';'h""W"'\q“"li""\i""\‘:"' W

Tigure 3

e R e e b e



INTENSITY.

THOMPSON, ASCA TIME PLOT. DAY 44.1870

Lol -
- B "l - b o | e
pot " )
" & . N o R
e BN Eoh W R Tt o P v_] y z
e la]
4 $ol it .
N B N . LS
1T ) i .. <L ~ z
- o bt e - -
- K3 o it o —
i U il Mg OV = P ] o]
~ - - it b g ey 2 S
n.-.-h'-."— 3 - b p—m]
= - Ebm O PR e e
- - -
- i J U iy S J s 7 =1
M I N C3 WP K |
" S - e ] ] — - | A g g Je—
PR R e B T b ik e [ D) = f g o ;
| - . - ] - e Chiy -] =
. "—n : - — —  f—
B e - e § et b e e e
—1 r '..:-7 . -t -
3 Sy P e Rl Bl tast o - [ e . )
- - . ) A iy ,
g Bl 5 SN A T S S
1" o — R SR B MR s 0 S Lop P R Ll e ek b o Sl J
- s | . —_ P ] il it - —
A’ — . — \ P-Th Rl - - o — Y el
" e I~ ~ = CHR S -i .
B ok & - - S RS Ao W IO N N A J -
. o R T et —_— ) - — - 1] :
et e frr frmed
s : &= L 1 O O S
B [ e e - F Tt et o et g g i - e
~ I o 2
SRS SRS ENVE S-S Phiaa- i 1220 S

“o800 0700, 0800
 TIME (UT) |

R@mﬁ 5




- H . \
fﬁ—;_.,w%

 rmgam

| THOMPSON 44

H COMP

- Figure 6



!
‘: 5
M
T
: @]
:
3 E
:
1
1
o ‘i
1 W -!
t.; o :
'%
3 :
Y

0427

0438

DAY 36, 1970
T

cure

0412
i

0254




N

'

]
A
M

4

d

N
SE——

o0sb0  00vO 0SS0 00S0 0§20 L'n
T | N o - R

0.61°9¢ AVQ 107d JNIL VOSY ‘YT

Figure 8




e AT R T TR SR R

[

ERGS/CM2sEC!

ERGS/CMX 3

 RET CONTS/SEC

(Lo R

FEB 5 (036) -

ENERGY FLUX

ENERGY DENSITY

CME 14

4 6 .8 10 1z 4 16
HOURS, UL,

Figure 9.

——

S g e i g




: | T
] : - BAKER LAKE

FT. CHURCHILL

GREAT WHALE

E . TUCSON. 1 L - ]

[
/

\

SAN JUAN

\

o s w\ f/

=L | Figure 10

e B



w
2 3 2 %
s} w0 o D
o o © 2
[e3]
v W
W. ol o 0 <
E— g 8 & 3 5 =
3 o = e 7
g w
5 =
s10]
£ 5
3
:
1 4] S
: 8 8 3 3 2
3
<
R/ D
& o
%.w
. 55

L e s L b o e B e e B e s e S

i e e e g e B e i B e Lt S




TR R TR AT, T e T e

I PEE S SUREC TP £ B S

NOV 22 (326) 1969

. ENERGY FLUX

62 4 6 8 10 12 14

HOURS,U.T..

Figure 12 °



ERGS/CM 2 SEC™

+
N

o
-+

NOV 9 {3I3) 1969

ENERGY
T FLUX

18 IR RS S N R R
o) 2 4 6 8 10 2
- HOURS, U.T. .-

 Figure 13

1
[



Ol

0

¢6

TRy T AEAR R T

006

e

09

CALISNZLNT




e b e s vme e e ma atie mr er e fa e avd ol s Ry paen B mEe aoccicomal e s oo aowanlbites  cam pote Lp e pERL U ke L dasbin S sae i ean ol oo e o 0 ‘.._.,,.,,,_. e sl Baaanlhs o b ahok Bbis dhae ! S -

DAl L e Lo Ly e ra o A o

a Foa el Sun il

OF POOR QuALITY

Figure 15




B e T TR R R T e e AT

005

mq_ 5.MI3TH

018

178

_.

— e - =

rn




' | | f | B |

DAY 45, 1970

|
|
E




(SYNOH) 1N

0080 000 0030 _ _ 00SO

"NOSJWOHL ‘0261 ‘G¥0 AVQ .

e . e i e i e

TFigure 18




r...,“,m]..w__r._.___.w., e T e o B Suonis b o o

-
: L
i
3
3
g
:
4
: . - —— = ) = . T .
L R N N R N N N R R L N N NN
; PAA HELY b L daimi o ; Laard Do ot wlabiraidd i sl alda Do AV wal AR Sl Tl AR AN bt Tl L0 e LG L e

PR L X | AT A BN AR NERT S kI b Pt o T st 2 A ZBT 13 SRR AART Y 1 et e e B
i
|
E- —~—— .__:—a.--_—-'ﬁ"‘-",'. : SN —rm e
D "-"- -
E = e
-_

FE ) ot T

e O =
[EC O S il ke : B el s e e R

0
LIS B8 ¢ OSSR O A v A3 O SENIRIUEE SRR TS U SR IR RA
EL N OEN NSRS f o e PR S
PR N BN { (R i ;

Condatians Letbod LN DR LT RTTISR S N SUTENNE
X PR Vel el I T I N T
- : N3 S AL YA 101 9 g e

Lk
/g i

)
Vd et 4

SO TPRLSVE L LR YR S ¥
barlarsaatorsantassnstnrrest

R ra X -
. ali b I B L -4 ri
eeatannaateasittensantonaantanasatossosbonrantasnsntoronabonssntonntalosis

ELECTAONS  [aerhne ro s g : "{,-".'.R'é}‘,;;{

L2000 - N GO AR e B S 4y, b
ENERGY

uod
IN EV

on b b 3t A 2 Lo oo s auion s b anoset 45 Lol

0
2/14/70

EHERGY
2000
eV

WAgTA Y

mtg X0 -
" 2.7

™ L%

s o8 r L i S tond ¥
CONO 12000 - TS Bt A R A SRR A b
0100000 S RS %fg S PR ?'r&:‘fv‘w?,“ FEh
e g DA yonam PRI AR M (D T 1T
e L3 i TP TR  S/SNNY 7 A S ot P SRR, » > BT EE N LGP LR PV
‘ .’ LR LY AL
0. 1 ';_'°--"“n----l----nl-----:‘----.H..uh.-n.Ll.u.. sy "..Ih.“.a;““ -.u‘suu\l.uu-lknu-l‘-.u\t‘ lh li &J bi 5} }5 b\
08 1N DAY 45 187 :

Figure 19 U‘P .




:..—«.,--'-..._, .

ERGS/cM2sEC™!

FOO

&)

~ ENERGY FLUX

- 045,1970

N R A

— > 4 6 8
HOURS,U.T.

Migure 20

—



A T A L, R T e R R T T

uriogrs SC‘POEUL—

o) THOMPSON, ASCA PLOT, DAY 44,1870 o000 booz
' Aw
1060 -
10 = "'"\—-;1—-_.._: - S O .
- ] | . - | !' anDL i n
860 Ml
-]
S, o g
: L] | el o . Lt -
#0601 \
| = .
| 8 2= | _
- Mg
[+ [ Y R A = ¥
130 - —"--—-/\
7 . . 1
4 oL o . s 2 LM
5 _ o=
-—— 600 \ = ] :
:_: 6 i i R i
— L - N et —
wn 1. AN i
el 500 NN
w ' ;
— 5 ol ""-..._‘ —
= N =] = ]
— - Q. [ ] [} -
%00 . — i\
4.1 SEEEENEE RN AN
L o | ol . _|» - r T i e O
' 380} . - : h
f DI IPSE 0% = I R B B g e
3 1 1 ~ HERS
‘ - ° == o=k o
200 = :
. ol - bt | | :
2 ] N HERE -
a ol 10— B e e
mn. . k. - “"""""'\A_.
; o~ i st ] .
; At L7 ’ b fon |
: gt —L =L A b L =l —L — —_—— e e A
i .0 20 40 B0 80 100 F] e sl ied . 20D 280 . .. 2w0 260
? DISTANCE '
! 1
E

Tlgure Al

N
—

L



R P el

N76-15708

APPENDIX c

ATS-5 observations of plasma sheet particles

before the expansion-phase onset.

K. Fujii, A. Nishida

Institute of-Space and Aeronautical Science
University fo Tokyo
Komaba, Tokyo 153
Japan

R.D. Sharp and E.G., Shelley
Lockheed Palo Alto Research Laboratory

Palo Alto, Calif, 94304 |
~ USA

D

e e i o




Abstrack
Behaviour of the plasma sheet ar;und“its eavthward edge during substorms
is examined by usiug high resolution (every 2,6 sec) measurements of
proton and electron fluxes by ALS-5. In the injection region near midoight
the flux increase at the expansion—phase onset fends to lag behind the
enset of the low-latitude positive bay by several minutes. Depending upon
the case, before the above increase (1) the flux stays ak 5 constant level,

(2) it gradually increases for some tens of minutes, or (3} it briefly

drops to a low level. Difference in the position of the satellite relative

to-the earthward edge and to the high-latitude boundary of the plasma sheet

is suggested as a cause of the above difference in flux variations during

the growth phase.
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8§ 1, Introduction

One of the characteristic features of the magretosphcric substorm is
the enhancement in the population of energetic particles in the magneto=-
sphere. Some of these particles emerge in the high-latitude ionosphere

and produce the auroral substorm, while some others are injected into the

© innex magneLosphe1c and feed the radiation belts. Past obzervations oo

board the ATS saLcllLtcs have shown that the synchronous lelL at L = 6.0
near midnight is an ideal location for monitoring the inflow of these en—
ergetic parﬁicles froﬁ the magonetotail to the radiation belts. Detailed
studies have shown that particles are injected [irst in the slightliy pre-
midnigh£ reglon and then drifﬁ tbward the aayside following an adiabatic
trajectory (DeForest and Mcllwain, 1971; Mcllwain, 1974).

Interest has naturally been attractéd to the problem of how these
energetic parpicles are produced im the magnetotail. Coordinated obéerva~
tions of the particle and field envirbﬁment beyond v 10 Be in the'magug—
totail have receuntly confirmed that the mapanetic field reconﬁectiﬁn that
takes place at the distance of somewhere around 15 Re is the essential

process that plOVldes energy to the subsLorm expansion phase (Nlahldﬂ and

‘Nagayama, 1973, McPhcrron et al, 1973), The onset of the expans lon phase

is signified on the ground by, among othex thhgs,_the appearance'of the
low-latitude positive bary (Iijima and Nagata, 1972). The comparison of
ATS particle observatiens with ground magnetograms has ghown that the en-—

hancement of the energetic particle flux is frequently observed wheo the

expansion phase sigunature is registered on the ground (Kamide and Mcllwain,

1974).

-~
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The onscet of reconnection tends to be precedoed by a gradueal deformation
of the magnetotall in which ficld lines are stretched further and the mag-
netic energy contgyt is increased (Hishida and Nagayama, 1973; McPherron
et al, 1973; Maezawa, 1975). Thec purpose of this paper is to examine the
behaviour of_6nerge£ié particles at the synchroncus orbit during this phase,
i.e. the growth phage, of substorms. Points of interest include whether or
not appreciable injection of energetic payticles occurs prior to the ox—
pansion phdse and how the deformation of the magaeiic field affects the
particle population observed relatively decp in the wmagnetosphere. We shall
find cases of flux incrgascs like those reported by Shelley et al. (1971)
and also see cases of flux décxéases as reported by Bogott and Mozer (1973).
The ebservation of the flux incvease directly associated with the expansion-
phase 6nset usually lags behind the ground signature. |

Data utilized in the present analysis are obtained by Lockheed particle
dcpectors on ATS-5 whiéh survey electrons in the energy range of 0.65 to
"3 keV and protens in the energy range of 5 to > 38 keV. fn most channels
sampling is made twice in-each'5.12 sec. A detailed description of the
instrument is given in'Rged'eﬁ'al. (1969)." Table 1 summarizes the energy
range of the detectors used in thié study and Table 2 éontains the geo-
magnetic coordinates of the ground geomagnefic observaltories whose data are
reproduced. Reference is also made to the interplaﬁctary magnebic field

obscrvations by Explover 33 aud 35.

-
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§ 2. Tiux cnhancement after the expansion-phase onset

Before proceeding to examine Lhe complex behaviour of the plasma flux
occasionally seen belfore thé subsgorm_gxpansion phase, we shall look at a
couplé of relatively simple cases. TFigure 1 shows thke records of electron
(EA through ED) and proton (fA through PC) fluxes and of the northward
component B of the magnetic field observed ut ATS-5 in association with a
substorm event whose ground signatures are exemplificd by low-latitude
(Dallas) énd auroral-zone (Fort Churchill) magnetograms obtained near mid-
night. At the onset of the ekpansion phase indicated by vertical iines.thn
ATS-5 was near the ~ 23 LT meridian. This substorm was an isqlated event
that followed a quiet interval with Kp of 1-,lo0.

T is readily secen from Figure 1 that particle fluxes in all the chan-
nels started to increase after the onset of the expansion phase was noted
on the ground. The high_fesolution records veproduced in Figure 2 strengh-
en this observation. The delay of the flux enhancement relative to the
exﬁaﬁsion—phase onset is about 7 minutes for all the Electron chaunels{
about 4 miﬁutes for thé lowest-energy proton channel (PA), énd abopt 10
minufes for the other twoe proton channels. The magneﬁic field Bz’ on the
other hand, started to increase nearly simulﬁaneously with the ground ob-—
servﬁtion of the expansion-phase onset. Thus in therprasent case the
arrival of the 1 n 30 keV range plasma at the synchronous orbit near mid-

night iS'appreciably delayed from the chéngé in the magnetic configuration

of the nightside magnetosphere. Since there is little energy dispersion in

the arrival-time of electrons, thé:longitudinal drift-of particles from

the "injection region' lecated Far from the point of observation obviously

cannot explain the observed time delay.
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The next cvent, Figures 3 and 4, vepresents an cxawple of veiatively
simple bebaviour of the plasma Fluwxes obscrved on the cvening side avouna 19
LT, The format of the figures is the same as before, excapt thab magneto-
grams from San Juan and Narssarssuaq are used Lo represent the ground sig—
nature of substorms near micnight. . The record of the sclar ecliplbic lavi-
tude of the interplanetary magnetic field obscrved by ixplorer 35 is also
Qisplayed. The Xp index for the last two 3~hour intervals of the previous
day (October 11) was 2~ » 20. At ithis local time the delay of the eleciron
increase is large { > 20 minutes) and éuergy dependent, and it is probably
due largely to the longitudinal drift from the injection region. The delay
of the proton increase, on the other hand, is only about 3 wminutes and re-
latively insensi;ive to energy. The dcpressinn.in B, begins nearly simul-
taneously with the prbton flux enhahccment. Thus in the present case pro—
tons are injected and the magnetic field is disturbedlon the evening side
at the synchronous orbit a few minutes afrer the onset of the exbansion—
pﬁage is chserved iubthe near-midnighﬁ_region.

We have comparcd the high resolution data of the ATS-5 particle de-
tector a;ound midnight with ground magnetograms on 12 days in September and

October, 1969. In all cases where the signature of the expansion-phase

onset is observed in the low-latitude magnetograms, there is a f[lux increase

that secms to be directly assoclated with it, altlhiough the flux variations

in the interval preceding the onset differ from case to case as ve shall

see later. The onset time of such a flux increase is almost always found
to be later than the time of the ground signatute, ineluding those near-

midnight cases where cnergy dispersion is nearly absent.

Py




R

A PR T R

e —

§ 3. Injection of low-energy patlelu helare Lthe expansion-phase onset

Tn the case of the substorm evenlt preserced in Fjgures 5 mad 6, the
magnetic signatures obsevved both on the ground and at ATS-5 neax che mid=-
night meridian ave nlmost the same as those ohserved parlicr for the simple
events in TFigures 1 and 2; There is a well—-deflned auroral-zone negative
bay, a low-latitude positive bay, and a Bz increase at ATS-5. (Kp for the
previous intervals is 3o, 2— ) Howevér, an important distinction is noted
in the fesponse of the electron [luxes to this substorm. While in the
previous case the electron flux in each of the four chamnels started Lo
jnerease well after the expansion-phase onset, in the present case the en-
hancement is registered in the two low-energy electron channels (detecting
electrons in the energy range of 0.65 to 1.9 keV and 1.8 to 5.4 keV 1res-
pectivcly) about 15 minutes before Lhe expansion-phasc onset. From the
high resolution data of Figure 6 it can be secn that the mean cnergy of
electrons increased gradually during this interval, but the flux observed
in the highest energy channel ED {observing clectrons in the range of 17
te 53 keV) did not rise above background until th onavL of the expansion
phase.

At Lhe expansion-phase onset a {lux enhancement is observed im all
the electron.and proton chomnels exceptl the lowesbt—conergy eleciron chaunel
£A.  The magnetic field.Bz glsa Trose slightly. A greater increase in the
plasma flux is observed, howdvér, about 4 minu;cb later in cosnc1dﬂucc with

the sharp increase in B . At this tlmc Lhe flux enhancement is more sig-

nificant in the higher ecnexgy channels and the fluxes in Lhe lowesL cnergy

channels FA and. LA are even reduccd Thus in contrast to the preucxpansion

(<35

ephancement which is characterized by a low mean elecbron curevrgy
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keV), the post—expansion cnhancement has a harder spectrum and the mean

‘energy shifts to a higher level,

Another example of a pre-expansion enhancement is given in Figures 7
and 8. ATS-5 was again in the near-midnight ( ™ 23 LT} region at the onsct

of a small expansion phase as seen in Figure 7. Kp in the preceding inter—

vals is 04 , 1- . The enhancement in the electron flux started about 20

minutes before the expansien-phase onset and the megn energy rose gradually

although the ED chaninel remained unaffected. Then, din conjunction with the

:onset'of the expansion phase the flux levels in the high energy chaonels

EC, ED and PC rose, while.the low-energy fluwes in EA, EB and PA were litcle
affected. These are essgnti a1l } the same features as observed in the pre~
vious example. Thz only difference isithdt the increase in Bz does not
accompany thz enhancement of energekic particles at the expan5i0n~pﬁase
onset and a sipnificant B enhancemant is observed ‘about 20 minutes later.
More examples of this kind can bz found in plQVLOUS publications of ShclRoy

et al. (1971) and Mende et al. (1972).

“,k -
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§ 4, Depressipn in particle flux before the local onset of the expansion
phase

Ta the event starting [rom ; OQié October 2 1969 shown in Figures 9 and
10 a depressioen in the plagma flux‘is clearly recordéd in associatibu with
the substorm. This eveat followgd a period of high activity with Kp of 4o
and'S-. The-starting.times of thg sevefe decrease and the subsequent re~
covery of'the flux are nearly the same for all eneray channels of bqth
particle Specieé, and the start of the'Bz incrqése is roughly coincident
with the_spart of the Elﬁx recovery. gipnce the enhancement iun the plasma
£lux has been found to follow the expaunsion-phase ansét on the ground in
the majority of the events, we interp;et this vecovery of the flux to bé a
feature that is associated with the oﬁséﬁ of the expansion phase. A slight—.
ly longer delay (n 12 minutes) of the flux increase Lrom Lhe ground sig-
Aaturerfor the present-evenkt as compared to ather cases is probably related
to the ATS-5 location. in the post-midnight sector at v 02 LT; the expansion-
phase onset time is determiged in this case by the evening sxdc data (Guam
and Henolulu) where the low-latitude pqsitive hay is rLlsL recorded. “The
deprcssion in the plasma flﬁx lasting for n 5 minutes is then interpreted
to. be the feature that precedes the local ounset of the expangion phase.

‘Another example which is probably of a type similar.to the previous
one. is the 0607.Septembef 15, 1969 event presgnted-im Figutes 11 an@ 12.
In this case, which also foliowed an interval of high Kp (4o, 4*); the

sharp rise in flux, which is. observed fi all chaonels ro start about 4
2 .

minutes after the expansioen-phase onset. is precaded by =2 pradual dscrense

that.lasts for N 15 miﬁutas Trom. v 0550. Although gradual [lux decveases

may generally be attributed to a merc decwy from a hipgher level produced
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by the earlier injection, the fact that the flux decrease started, or the
rate of the decrease became higherjnearly simultaneously for both species

in all channels makes decay due to a drift melion out of the injection re-

+

gion untenable as. an explanation., For flux decreases as observed on October

2 and Septembex 15 a mechanism must be operative that affects the entlre
particle populatiomiin the 1~ 100 keV range.

In the cases where the flux prior to tke advent-of the subsiorm event

. concerned is at an enhanced level characteristic of the plasma sheet, the

flux enhancement at the expansion phase onset is very freguently preceded
by a flux depression. TReflecting, probably, the fact that the earihward
edge of the protoﬁ plasma sheet is located closer %o the Earth than that of

the electron plasma sheet (Fraﬁk, 1967; Schield and Frank, 1970), the fre-

.guency with which protons are seen at these enhanced levels is higher than

* that of electrons at the synchronous orbit on the nightside. Hence, the

chances of observing the flux depression prior to the expansion-shase onsev
is higher for protons, and cases of proton flux depressions lasting for ~ L1
hour or more can be foqnd in the_events presented in Figures 5, 9 {(third

event); and 1l (bqth events). Tt is noted that the onset time of the proton
flux depression in the October 18 event (Figure 5) depends little on energy,

and some of these depressions may also be due to prbcesses'other than

'escape by azimathal drift.

-
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B 5. Discussion

At the onset of the'éxpansion phase when the neutral line is formed iun
the near-tail region, field lines and associatad plasma earthwavd of the
nequal llnc swings back toward the Earth (Nishida and Nagayama, 1973). The
intensification of the plasma fluw that is obse1vcd ghortly achl the expan-—-
sion-phase énset is likely to be due to this motlon‘of Lhe plabma-sheut. At
the same moment the poleward motion of the auroval arc is USuélly observed
at ionospheric heights,but'this poleward motion is pfobably related to the -
process that takes place-fér beyend tﬁe_ear;hward edge of the plasma sheet,
since the difuuéé aurora, which is.considéred’to be the projectien of the
plasma sheet, occupies a wide latitudinal range cquatorward of the discrete
aurora (Lui et al., 1975).

- The flux ipcrease directly associated with the'expansionuphase ousetl
tends to occur after the first detection of the-gxpanéiou-phase signature
on the ground. As can be seen in Tigures 2, 6, 8 and 12, this applies to
flux inereases that are observed mear midnight in the injection region where
the times of the flux increases depend little on enevgy. If we take five
minutes as a typiéal_value of the time lag, the distance traveled by those
particles constituting the froat of the aﬁove flux dincrease is given by
3 % 10° E/B ka where T is in mV/m and B is in gammas. With typical values

of B~ 1 wmV/m and B v 60 v, this gives 5 x 103 km = 0,8_RE. Thus the hot

- plasma reaching the synchronocus altitude at the expansiou-phase ouset ap—

pears to comé from & ralatively-closc'vicinicy rather than from the negtral
line formed at the distance of % 3 Rg beynd the syachronous -alvitude.

Betatron and Fermi type accelerations agsociated witll the centraction of

the nightside magnetic field lincs would be principal wechanisms for produc-

..l(]..
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ing the suvge of the hot plasma. That incrcases in flux and [iclt ch)

not always occur together at the synchronous altitude can be understood

because the field variations can travel faster and spread more widely as

waves Lhan the particle streaming.

As suggested by Shelley at ai. (1971) the enhancement of low-energy

electrons, probably of plasma sheet origin, prior to the expansion-phase

onset counld also be due to the earthward displacement of the inwdrd cdpe

of the plasma sﬁeet.: The ﬂawn—to—dusk electrie [ield that causes the eavth--
ward drift of the nighﬁside magnetosphexic plasma has been found to in-
crease during the growth phase of substorms (Mozer, 1971). The origin of

this electric field lies in the interactiom process at the magnelLopause.

Nevertheless, sowe conditions have to be sacisfied for the flux increase to

occur at the synchronous altlLude. As field lines are stretched away during
the growth phase a dusk-to- ~dawn electric field is generated in Lho £ail,
The erength of this reverse electric field must be less than that of the
dawn-to-dusk electric fleld at the inward cdbc 0[ the pln ama sheot; “ather—
‘wise, the entire_ﬁlasma sheet would move away from the ecarth following the
stretching of the tail field lines. Also, the iuward.edge must.be originally
located close enough ﬁo the synchrOnOus altitude. It ﬁarticles stﬂftcd
rheit inward motion from too great a radial distance, they would be energized
on the way in by the conservation of the £1LsL two invariants, and could be
forced to drift sidcways across grad |P| bu[orp reaching the aynchrouous al-
titude. The imposition-of_che-thcse.conditions_could be the reason why the
pre~expansidn_increa§e of the eleclron flu; is neoL aways observed.

As Lot tﬁe'flux deecrease preceding the.expansion_phaso, Bopobkt and_.
Hozer (1973) found numer.us cases of the same kind in their 30 - 300 keV

electron observation on ATS-5. Since the energy range of thcir'detector

-11-
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corresponds LO radiation belt eleclrons, they supgestied the inward motion

of the trapping boundary as the ex planatlon. Such an inward motion would

s whose trajectorics are governed by the

1ndced occur for trapped pa article

VB x E_drift, since the stretching of the field lines leads to a reduction
of the magnetic field strength in the nightside, inper mapnelosphere and

to a shrinkage of the drift shells during the ‘prowth phase. However, Ou¥

present observations feveal - that a [lux decrease occurs also For wery low—

energy'particles which are most likely €O belong to the plasma shect whose

dlSLllbutlon is centered outside the synchvronous altitude. Since at low

enexgies the VB x} drift speed 1s relatively small and the electric field

is the dominant factor that governs the drift motion, the decrease in the

low-energy particle flux has to be caused by electrlc field variations. A

possibility that must be considered is that the low-cnergy plasma is rans-—

ported away from the earth by rhe stretching field lines. For this to be

ghe case it 1s required that the dusk~to-dawn electric field assoclated wi.th

the stretching of field lines is stronger, aven at the synchronous altitude,

than the dawn-to-dusk clectric field produced by the interaciion process

working at the magnetopause. Another possibility 45 that the flux dacrease

is due to a thinning of the plasma cheot as described by Hones et al. (1973)-

ihe ATS-5 satellite at lO.)0 w ;ongmLuue is 1ppLOhLmaLely 109 above the geo-

getion in the width. of the plasma sheet

magnetlc equator so thata Shﬂ]p red
at 6.6 Ry could bring the satellite close tO the boundavy with the upper
The jdea that plasma sheet thinning occurs during the

as L v 8 has also bzen suggested

lobe of the tail;

- growth phasc aL Lhn radxal dlstducc as deep

by Kivelson ek al. (1973) and Buck et al. (1973) .
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is not entirely due to the loss by

gified at the same time when the proton flux is depress

Tf the depression in the proton {lux ohsevved on October 18 (Figure 5)

the azimuthal drift but Lo the process

sought above, the fivst possibility, namely the anti-carthward motion of the

plasma, has to be eliminated since the low-energy

gd prior to the ex-—

pansion-phasc onset. The second possibility, namely the Lhinning of the

plasma shcel, would not contradict the observation, however, as the prolkon

flux does not drop to the background.level; the satellite could be located

inside the thinning but earthward-extending plasma sheet.

~13-
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TABLE 1.

Energy Ranges

of Detectors

Chiannel Name

Particle

Energy Range, KeV

EA
EB
EC
ED
PA
PB

PC

0.65 - 1.9
1.8 - 5.4
5.9 =~ 17.8
17.4 - 53

E

> 15

> 38
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TABLE 2. Geomagnetic Gbservatories
Geomag,. latitude “seomay, longitude
' Narssarssuag 71 37
Tort Churchill 69 323
Sitka 60 275
Dallas 43 328
San Juan 30 3
Honolulu 21 266
Guam & 213
~16~ }



J. Particle and field observalions by ATS-5 during a substorm event.
LETT PANEL: electron flux.
MIDDLE PANEL: proton £lux.
RIGHT PANCL: northward compounent of the magnetic Field, and prouud
magnetogram daca fov reforence.
The onset time of thc.expansiOn phase is determined by the night-time,
low-latitude positive bay and is indicated by veftical dashed lines.
2. High resolution data plc; corresponding to the event of Figure 1.
Wedge wmarks emphasize onsets of proton enhancements. |
3. ATS-5 particle and [leld data similar to Figure 1, Shadings indicate
the interval im which ATS-5 was in the Earth’'s shédow. Interplanctary
 magnetic field data (solax mggnetospheric latitudinal angle) arve .
given ut bottom, right. |
4, High resolution data plot correspoﬁding to T gure 3.
5. ATS-5 particle and field obsecrvations and reftfenca_data. Similar to
‘Figure 3.
6. High resolution data-plbt corresponding to Figuve 5.
7. Similar to Fiéure 5.
8, High resolutiSn data plot corrcspondiﬁg to Tigure 7.
9, ATS-5 particle and field observations for a serips.of subgtorn cvenis.
The second event is chosen for examindtion in the pext.
10, High reSolution'data.plot_corresponding to.the.second_event of Tigure 9.
11. Similar to TFigure 9. .

12. High résclutiom data plot corresponding to the second event of Tigure 11,

17
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APPENDIX D

A COMPREHENSIVE STUDY OF SUBSTORM SEQUENCES
ON SEPTEMBER 8, 1969

G. Rostoker, 3.-I. Akasofu, H. Fukunishi, E. W. Hones, Jr.,

L, J., Lanzerotti, C. G. Maclennan, R. L. McPherron,
R. D. Bharp, and R. G. Wiens

ABSTRACT

.Recent studies of magnetospheric substorms have yielded the fact that

their macrostructure involves quasi-periodic intensifications of elee~
trojet strength with each intensificatiom being the signature of the
creation of a new element of the electrojet. In general, it is found
that each new element lies to the dorth and west of bhe preceding one.’
A series of such intensifications terminated by the creation of the

most westerly current element will be termed a substorm sequence. The
sighificance of the terms "magentospheric substorm'" and "polar magnetic:

“or aurordl substorm” will be discussed in the conbtext of this morphology.

Particle and field responses measured in the ilonosphere and magnete-

.sphere during the course of magnetospheric substorms are found to be

highly complex, with various signatures being observed which appear to
be a function of local (magnetic) time and the position of the monitor-
ing satellite with respect to the field lines on which the disturbance
is taking place. TFor the most part, substorm signatures in space have
been studied using different suites of substorm data for each relevant
satellite, with muitiple satellite studies of a single svent being rare.
In this study, we present a detailed analysis of a series of substorm
sequénces which occurred during the first half of the UT day September 8,
1969, Ground<based magnetometer data consisted of the normal magneto-
grams from the worldwide network supplemented by data from the Univers-
ity of Alberta station and from the Tungsten observatory operated by
UCLA. All-sky <¢amera data were avajlable from some Canadian and Alaskan
high-latitude observatories. TInterplanetary solar wind and maghetic
field data were racorded by the Explorer 35 satellite, while magneto-
tail particle data were supplied by the VELA satellite and the magnetic

- field by the 0G0+5 satellite. Information at synchronous orbit was

provided by the ATS-1 and ATS-5 geostationary satellites and consisted

of magnetometer and epergetic particle data.

Ground-based magnetograms were used to define the times of substorm in-
tengifications and the various particle and magnetic field variations at
gach satellite were coordinated in the framework of the ground-<based
cbservations. Ih the magnetotail it is found that the plasma sheet
responds very sensitively to substorm intensifications. with signatures
being noticeable in terms of thinning and thickening as well as changes

.
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in the hardness of the snergy spectrum. At synchronous orbit, the in-
jections, modulations and drifts of the electron and proton fluxes are

discussed with reference to the position of the satellite with respect

to the longitudinal extent of the sabstorm disturbed region.

The study presented in this paper will conclusively demonstrate the
importance of knowing the position of both satellites and ground-hased
observatories with respect to the substorm disturbed region of the mag-
netosphere if one is to properly interpret the variocus signatures of
the particles and fields during the various phases of magnetospbere

_ storm and substorm activity.

LOCKHEED PALO ALTO RESEARCH 'l_;_-A:BORAT_ORY.
LOECXHEED MISSILES & SPACE COMPANY., I1HC.
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APPENDIZX E

STIMULTANEOUS OBSERVATIONS OF SYNCHRONOUS-ALITTUDE
PARTICIE FIUXES AND THE AURORAL ELECTROJET

R. D. Sharp, E. G. Shelley, and G. Rostoker

ABSTRACT

R 3 b B ki) bt it R

% ' The magnetospheric substorm at 0700 UT on Sepbember 1, 1970 is illus~

- . trative of a technique which can be utilized to map geomagnetic field
lines from the ionosphere t0 the egquatorial synchrconous orbit at 6.7
Bg. Simultaneous data fyom the University of Alberta magnetometer
chain and the Tockheed auroral particle spectrometer on ATS-5 provide

- : the basis for this type of study. The- expansive phase of the substorm

C in question was initiated at low latitundes and no simmnltaneous effects

’ were observed abt ATS-5., A typical poleward expansion of the electrojet

; followed, with a sudden increase in the particle fiuxes and magnetic

; field at ATS-5 oceurring as the northern border of the electrojet
reached 660 + 1/2°, The lack of time dispersion in the onset of %The
observed responses in the various energy electron channels demonstrates
that this was not a longitudinelly drifting plasma cloud intercepting
the satellite. I% is interpreted as a poleward propagating disturbance
whose high-latitude edge maps to the location of the northern border of
the electrojet, Having established the ground station corresponding to
the location of the ATS-5 fieid line at this point in the substorm, the
temporal variation of the electrojet at this location was compared with
the particle and magnetic field measurements at synchronous altitude,
For about a ten-minute period, associated with the flux increase at
ATS-5, there was an apparent correspondence between the amplitude of
the electrojet, the slectron emergy flux at ATS-5, and the rate of re-
configurdtion of the geomagnetic field in the magnetotail, as measured
by the variation of the inclinabtion of this field at ATS-5. Additicnal
examples of this $ype of corresponcence have been discovered in cther
events. A possible interpretation of these resulbs will be explored in
terms of & quasistatic convection electric field leading o glectrojet
polarization and a Cowling currentf whose amplitude is controlled by
the degree of ionospheric conductivity established by the precipitating
auroral electrons. : ' ' : ' .

L 1‘Corbnj.t."L,. F. V., and-C. F. Kennel, "Polarization of the Auroral Electro-

- o jet," J. Geophye. Res., 77, ¥o. 16, 2835, 1972.
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